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INTRODUCTION 
The study described in this report was conducted 
at the Iowa Institute of Hydraulic Research for the 
Marley Company, Kansas City, Missouri. A 1:300 
scale model of the tower and an inside fan for simulat-
ing the nptural draft were provided by the company. 
The tests were performed in an air tunnel with a 5-
foot octagonal test section. The model was mounted 
on a turn table, and a false floor was provided on 
the upstream side. All experiments were performed for 
the specified total-head loss across the grid section 
of about 22 velocity heads. 
Many valuable suggestions by Prof. E. Naudascher 
and the-assistance of Dr. H. Wang in performing the 
tests are gratefully acknowledged. 
WIND PRESSURE DISTRIBUTION ON THE SHELL 
The piezometric-head measurements were performed 
at a speed of 75 feet per second. In order to ensure 
turbulent boundry-layer separation, 14-inch strips of 
3 layers of masking tape were placed on the shell as 
turbulence stimulators at an angle to the wind direction 
of somewhat less than 45 degrees. The piezometric 
head was measured with respect to the ambient piezo-
metric head in the tunnel at each of 8 locations (see 
Figs. 1 and 2) in increments of 15 degrees of radial 
position. The vertical pressure distributions relative 
to the dynamic wind pressure are shown in Figs. 1 and 
2, and the radial distribution for each one of the piezo-
meters is given in Figs. 3 and 4. 
The model Reynolds number in these tests was 
very nearly equal to the critical Reynolds number for 
a cylinder based on the minimum cross section of the 
tower, so that it can be assumed safely that, with the 
turbulence stimulators, the flow is fully turbulent. 
This will always be the case in the prototype, and 
hence the relative pressure distribution is independent 
of the magnitude of the wind velocity, and the results 
shown in Figs. 1 to 4 can be applied for any wind 
velocity. 
The relative pressure distribution on the inside of 
the shell was measured for the condition of zero natur-
al draft (due to the thermal process). The value of 
p/(P V2wind/2) was found to range from -0.53 to -0.66 
with a mean value of about -0.62. 
INFLUENCE OF WIND UPON 
INFLOW AND DISCHARGE 
Selection of model grid and calibration of pressure-
drop measurements. In the prototype, the flow past 
the grid section is turbulent, and hence the relative 
total-head loss, or the ratio of the total-head loss to 
a reference velocity head, will be independent of the 
reference velocity. The originally suggested model 
grid, composed of several layers of 60-mesh screen, 
however, displayed a very large variation of the rela-
tive head loss with velocity, caused by the influence 
of viscosity upon the (lamina r) flow past the cy lindri-
cal elements of the screens. Therefore, a combination 
of two perforated metal sheets and one 60-mesh 
screen, spaced 1/8 inch apart, was chosen. This ar-
rangement shows only a moderate variation of the 
head-loss coefficient with velocity (Fig. 5). 
The drop in piezometric head across the grid was 
obtained from 2 piezometers, located 3/8 inch in front 
of and 5/8 inch behind the model grid, respectively. 
The reference velocity (mean velocity at the midsection 
of the grid arrangement) was calculated from the dis-
charge, which in turn was obtained from velocity trav-
erses made with a pitot tube in a cylindrical pipe 
which connected the outlet section of the model to the 
intake of a blower. The resulting relation between the 
relative total-head loss and the piezometric-head drop 
is shown in Fig. 5. With the aid of this curve one can 
now obtain the reference velocity from a measurement 
of the piezometric-head drop. 
Pressure-drop and discharge measurements for :r:ero 
natural draft. The piezometric-head drop across the 
intake section was measured at 3 different wind veloc-
ities (86, 51, and 22 feet per second). The relative 
pressure drop with respect to the dynamic wind pres-
sure and the velocity at the grid with respect to the 
wind velocity are shown in Fig. 6. As was to be ex-
pected, these relative distributions are again independ-
ent of the magnitude of the wind velocity. Figure 7 
shows the relative pressures as indicated by the in-
side and outside piezometers, respectively. Although 
Fig. 7 represents local values immediately in front of 
and behind the grid, it nevertheless should provide a 
fair approximation of the mean values desired. 
In order to check the assumption that the pressure 
drop yields a good measure of the velocity through the 
grid even under the condition of considerable tangent-
ial velocities, the velocity distribution from these 
measurements was integrated to yield the discharge, 
and the result was compared to the discharge obtain-
ed from two pitot-tube traverses in the narrowest sec-
tion of the tower, taken at right angles to each other. 
A graphical integration along velocity contours check-
ed the calculated discharge exactly- undoubtedly with 
some good luck, since the integration involves a cer-
tain amount of guesswork because of the asymmetry 
of the profiles (a cruder integration by equal-area 
stations differed by 16 percent). 
Since the relative velocity distribution at the in-
take section does not vary with the wind velocity, a 
constant ratio (Q/ A V wind) can be defined, where A 
is the intake area. This coefficient is found to be 
0.073. 
Pressure drop with natural draft. The natural draft 
is simulated by a fan inside the model. For ratios of 
wind velocity to grid velocity due to natural draft of 
1.25, 2.5, 5 and 10, the pressure drop across the grid 
has been determined and plotted in Fig. 8 with respect 
to the pressure drop due to natural draft alone. 
Figure 8 also shows the relative velocity distri-
butions, and Fig. 9 gives the relative inside-and out-
side- (local) pressure distributions. Figure 10 indi-
cates the re la ti ve increase in discharge due to the 
wind. It is to be noted that one cannot superimpose 
linearly the effect of the wind upon the flow due to 
natural draft; the total discharge does not increase 
nearly as much as the coeffiecient Q/ A V wind= 
0.073 would indicate. 
CONCLUDING REMARKS 
The results presented here are valid for a grid 
with a head-loss coefficient of about 22. In this case, 
the wind seems to be more of an asset than a detri-
ment to the performance of the tower; the discharge 
is increased, and no local outflow occurs for wind 
velocities less than 10 times the grid velocity due 
to natural draft alone. 
In the prototype, the influence of the wind will 
probably be less pronounced because of boundary-
layer development; furthermore, the topographical 
situation and the presence of buildings or trees will 
have a considerable influence. 
Since in prototype operations the head-loss co-
efficient varies widely with the structure of the grid, 
the amount of water discharge, ice conditions, etc., 
the influence of the wind upon the performance will 
also vary. In particular, local outflow is to be ex-
pected at lower velocities for less-dense grids. 
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FIG. 2 VERTICAL PRESSURE PROFILES FOR ANGLES FROM 105° TO 180° 
Pie'l.~ 
"Piez. '3 ?iez. 4-
FIG. 3 RADIAL PRESSURE PROFILES FOR PIEZOMETERS 1 TO 4 
1'ie-z..5 'P\e-z... G 
-IS -Z.o 
FIG. 4 RADIAL PRESSURE PROFILES FOR PIEZOMETER$ 5 TO 8 
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FIG. 6 PRESSURE-DROP AND VELOCITY DISTRIBUTION FOR ZERO NATURAL DRAFT 
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